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ABSTRACT

Cholangiocarcinoma (CCA) represents a clinically challenging disease with a dismal prognosis. A therapeutic
plateau has been reached with traditional treatments. However, with immunotherapy advances in cancer
therapy, integration of stereotactic body radiotherapy (SBRT) with anti-PD-1 antibody shows a synergistic
effect and high clinical efficacy in many cancer types. This combination may represent a breakthrough in the
treatment of this fatal malignancy. Here, we report four cases of refractory advanced intrahepatic or hilar
cholangiocarcinoma that were successfully controlled with anti-PD-1 antibody following or concurrent with
SBRT. Furthermore, one case was initially unresectable; however, following this novel combined therapy;, it
became operable. We discuss the challenges of developing predictive biomarkers for anti-PD-1 antibody
responsiveness. We also consider the regulatory effect of SBRT on the tumor microenvironment and the
potential advantages of this therapy combination for treatment of intrahepatic or hilar cholangiocarcinoma.
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These are important considerations and provide direction for future clinical trial designs.

Introduction

In recent years, with the improvement and development of
imaging examinations, researchers found the increase of find-
ing biliary tract cancers. Intrahepatic cholangiocarcinoma
(ICC) is the second most common primary malignant tumor
of the liver following only hepatocellular carcinoma (HCC)
and it accounts for 10-20% of all primary liver cancer cases."
ICC has recently seen rapidly Growing interest due to its
associated rising mortality and incidence worldwide.”
Although complete operative resection is currently the primary
potential radical treatment option, it is only achievable in less
than one-third of patients at the time of presentation.
Moreover, the prognosis remains dismal after curative resec-
tion, with a high recurrence rate of 40-80% and a 5-year
survival rate of only 20-40%.”° In addition, stereotactic body
radiotherapy (SBRT)and radiofrequency ablation (RFA) were
also used as the alternative treatment option for some small
lesions. The combination of gemcitabine plus platinum-based
compounds is the current first-line standard treatment for
patients with advanced ICC, yet it has very limited therapeutic
value with a median overall survival of less than 1 year.” '
There are other locoregional therapies such as, transarterial
arterial chemoembolization (TACE), Y90, and RFA; however,
current data support that these treatments were applied only in
selected cases or as palliative therapy.''? Furthermore, for the
vast majority of patients with recurrent or metastatic disease,
no standard effective treatment protocols are available.

Therefore, novel and effective therapeutic options are urgently
required for this fatal malignancy.

With technological advances in radiation delivery, SBRT is
a safe and effective therapeutic option for ICC patients with
small lesions due to substantial local control and increased
overall survival rates."> More encouragingly, immune check-
point inhibitors (ICIs) targeting the PD-1 (programmed cell
death protein 1)/PD-L1 (PD-1 ligand) pathway have recently
provided a therapeutic revolution in cancer therapy and have
shown excellent efficacy for a wide range of malignancies.'*™'”
NCCN (National Comprehensive Cancer Network) guidelines
recommend pembrolizumab as a choice for solid tumors with
deficient mismatch repair (IMMR) or microsatellite instability
(MSI-H), including biliary malignant tumor.'® PD-1 blockades
with RT or chemotherapy in ICC treatment had been investi-
gated and exhibited promising therapeutic perspectives,
although more evidence is still needed to confirm the
efficacy.'”?° The rationale behind the combined effect of radio-
therapy with immunotherapy has also been investigated.”' *

Here, we report four cases of refractory advanced ICC or
hilar cholangiocarcinoma that were successfully controlled
with anti-PD-1 antibody following or concurrent with SBRT,
which means that patients achieved complete response, partial
response, or disease stable based on RECIST criteria. We also
describe some remarkable findings during this combined strat-
egy, including the hypereosinophilia and pseudoprogression.
Furthermore, there was one case that was initially unresectable
that became operable following this novel combined therapy.
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Different from the previous reports, we further analyzed the
changes of the expression tumor-infiltrating lymphocytes and
PD-L1 on tumor tissue before and after radiotherapy to try to
investigate the underlying mechanism of this combination
therapy. Our report provides important considerations and
direction for future clinical trial designs.

Case presentations
Case 1

A 50-year-old, previously healthy man visited Zhongshan
Hospital, Fudan University due to liver masses detected during
a routine physical examination in October 2017. The tumor
biomarkers alpha-fetoprotein (AFP) (3.7 ng/mL) (normal
range, <20 ng/mL) and carcinoembryonic antigen (CEA)
(3.1 ng/mL) (normal range, < 5 ng/mL) levels were within the
normal limits; however, carbohydrate antigen 199 (CA199) was
elevated with 50.5 U/mL (normal range, < 37 U/mL) (Figure 1).
Magnetic resonance imaging (MRI) scans of the abdomen at
presentation revealed two hepatic tumors with no significant
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lymph nodes or distant metastases. One of the tumors was
located in segment 2 (S2) of the liver with a maximum diameter
of 3.4 cm and the other tumor was located in segment 5 (S5) with
a maximum diameter of 0.9 cm (Figure la). The MRI showed
a low-intensity mass on T1-weighted spin echo image and
a high-intensity mass on T2-weighted. Enhanced MRI scans
demonstrated a ring-like enhancement around the tumor in
the early phase and a peripheral low-density area with a central
low-density area in the late phase for the S2 lesion. Intense
arterial enhancement followed by contrast washout was seen in
the venous phase in the S5 lesion.

The physical examination was normal and the patient’s
Eastern Cooperative Oncology Group (ECOG) performance
status was 0. The patient had a history of cirrhosis for 10 years
and a personal history of excessive alcohol use for 30 years. On
the basis of the above findings, ICC was suspected. The patient
refused biopsy for diagnosis confirmation and surgical resection.
RT was used as the alternative treatment with a total dose of
55 Gy and 60 Gy in 10 fractions to the S2 and S5 tumor lesions,
respectively, between October 24 and November 3, 2017 (Figure
1b). Reevaluation by MRI 50 days after SBRT revealed that the
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Figure 1. Summary of imaging scans and timeline of therapy and disease status for Case 1. (a) Patient status before treatment. (b) Radiotherapy (RT) planning. (c)
Multiple new metastases and enlarged retroperitoneal lymph nodes emerged 4 months after SBRT. The patient then received radiofrequency ablation (RFA) and
chemotherapy. (d) Further disease progression. (e) Remarkable regression of the lesions was seen following Nivolumab administration. (f) Serum carbohydrate antigen
199 (CA199) levels with respect to the treatment timeline. (g) Statistics of maximum diameter of lesions change for all lesions. Ten months after Nivolumab treatment,
the patient achieved complete response (RECIST criteria). (h) Timeline showing therapy and disease status throughout the disease course.



lesions stabilized or shrank slightly. A dramatic decrease in the
CA199 concentration was detected 2 months after SBRT (from
60.4 to 28.4 U/mL) (Figure 1f). Notably, at this time point,
hypereosinophilia was evident based on a white blood cell
count of 12.94 x 10° cells/L and an eosinophil count of
7.51 x 10” cells/L.

A second reevaluation by MRI in March 2018 showed
multiple intrahepatic and extrahepatic metastases, including
enlarged retroperitoneal lymph nodes, suggesting disease pro-
gression (Figure 1c). The patient underwent positron emission
tomography-computed tomography (PET-CT) examination
that showed: 1) a massive fluorodeoxyglucose (FDG) uptake
and increased metabolic activity in multiple liver lesions with
a maximum standard uptake value of 15.4, and 2) extensive
involvement of the hepatic hilar, bilateral diaphragmatic feet,
and retroperitoneal lymph nodes. The serum CA 199 level had
increased to 63.7 U/mL at that time (Figure 1f).

Palliative radiofrequency ablation (RFA) for the de novo
intrahepatic lesions was performed in March 2018 without com-
plication. With the patient’s consent, liver biopsy was performed
(corresponding to the M1 lesion indicated by a red circle in the
Figure 1c) during RFA treatment and the histopathology indi-
cated ICC. Further immunohistochemical (IHC) staining of the
tumor tissue showed high numbers of PD-L1 positive tumor
cells (SP142 antibody) and abundant infiltration of CD4" and
CDS8" T cells (Figure S1). In addition, mismatch repair (MMR)
testing showed proficient mismatch repair (pMMR), with a total
mutation burden of 7.5 mut/Mb. Subsequently, the patient
started systemic chemotherapy with a regimen of gemcitabine
(1.5 g on days 1 and 8) and oxaliplatin (100 mg on days 1 and 8)
every 3 weeks. However, after day 1 of the second cycle, che-
motherapy was discontinued due to grade 3 myelosuppression.

The patient developed further disease progression shortly after
chemotherapy discontinuation. An MRI scan in June 2018 indi-
cated progressive enlargement of the masses in the liver, a new left
adrenal gland metastasis, significant growth of enlarged retroper-
itoneal lymph nodes, and mild ascites (Figure 1d). Furthermore,
the serum level of CA199 increased to 148 U/mL (Figure 1f). In
light of the tumor PD-LI expression level, PD-1 blockade with
Nivolumab (3 mg/kg every 2 weeks) was initiated on June 10, 2018.
In the follow-up imaging performed on August 29 and October 31,
2018, the intrahepatic lesions and retroperitoneal lymph nodes
were stable and the left adrenal gland metastasis gradually shrank
and finally disappeared. The elevated serum CA199 level prior to
Nivolumab treatment (148 U/mL) dramatically declined to nor-
mal values after one month of treatment (24 U/mL) and remained
within normal limits thereafter (<37 U/mL). At the time of the last
follow-up in July 2019 (Figure 1f), the patient had continued to
receive Nivolumab treatment for 10 months without any obvious
autoimmune side effects. To date, there is no clinical evidence of
disease progression.

Case 2

A 59-year-old man who had undergone left liver lobe resection
for HCC (2.3 cm in diameter) in September 2005 presented at
Zhongshan Hospital, Fudan University with a recurrent liver
lesion detected in the patient’s routine post-operative follow-
up imaging in August 2018. AFP (1.5 ng/mL) and CEA (2.8 ng/
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mL) levels were within the normal limits; however, the CA199
level was elevated to 71.3 U/mL (Figure 2h). Abdominal MRI
scans on August 10, 2018 revealed an abnormal signal foci in
the left liver lobe (Figure 2a). There was no significant lymph
node or distant metastasis. The patient had a 10-year history of
hypertension and diabetes; his ECOG performance status
was 1.

After thorough discussion of treatment options, segment
hepatectomy for resection of the recurrent lesion, complex
enterolysis, and diaphragmatic repair were performed on
August 15,2018. Post-operative pathology revealed a 65 x 55 mm
whitish tan mass with irregular margins. Microscopically, the
tumor consisted of grade-III ICC; invasion of surgical margins
was not observed (Figure S2). Peripheral hepatocyte steatosis
was seen in 15% of the observed area. There was no residual
lesion at the primary site and lymph nodes were not involved.
IHC staining showed weak positive expression of PD-LI
(Figure S2). In addition, MMR testing results showed pMMR.

However, abdominal MRI scans on November 15, 2018
indicated that the disease had progressed with multiple new
liver lesions (Figure 2b). At this time, the patient’s CA199 level
was 30.5 U/mL (Figure 2h). Subsequently, the patient started
systemic chemotherapy with a regimen of paclitaxel (200 mg
on days 1 and 8) and oxaliplatin (220 mg on day 1). The
chemotherapy was well tolerated except for grade 1 diarrhea
and alopecia. After two cycles of chemotherapy, MRI scans on
January 3, 2019 revealed increased tumor size and number at
all liver sites, a new increased right cardiodiaphragmatic angle,
and renal hilus lymph nodes, demonstrating further disease
progression (Figure 2¢). In addition, a blood test showed the
patient’s CA199 level was elevated to 60.9 U/mL (Figure 2h).

The patient then received RT for the largest lesion
(7.7 cm x 9.1 cm) on the left liver lobe with total doses
of 50 Gy in 10 fractions from January 14 to January 26,
2019 (Figure 2d). Concurrently, Nivolumab (200 mg, every
2 weeks) was started on January 16, 2019. However, the
patient’s CA199 level continued to elevate during the treat-
ment to 76.6 U/mL on February 18, 2019. Biopsy of the two
unirradiated small liver lesions (corresponding to the MI
and M2 lesions indicated by red circles in Figure 2e) was
performed on February 27, 2019. Histology showed ICC
with pseudoprogression due to intense coagulation necrosis
and diffusely infiltrating neutrophils (Figure S2). Further
tests showed that 50% of the tumor cells staining positive
using the SP142 antibody, which was higher than that of
the tumor tissues obtained during the operation. The per-
centages of CD4" and CDS8" infiltrating lymphocytes were
also higher in metastatic lesions following SBRT than in the
operative specimen.

In the follow-up MRI scans performed on March 28,
2019 (Figure 2f), the liver lesions were stabilized or slightly
larger. However, two months later, MRI scans on June 10,
2019 showed marked shrinkage of the liver lesions (Figure
2g). Blood tests showed transient elevation of the serum
CA199 levels to 240 U/mL 2 months after the initiation of
Nivolumab treatment when the levels began to decrease
(Figure 2h). To date, the patient is living with no disease
progression and has continued Nivolumab treatment for
5 months, which has been tolerated well.
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Figure 2. Summary of imaging scans and timeline of therapy and disease status for Case 2. (a) Baseline status before surgical resection. (b) MRI scans 2 months after
operation revealed disease progression with multiple new liver lesions. The patient then received two cycles of chemotherapy. (c) MRI scans on January 3, 2019 revealed
increases in size and numbers at all liver sites and new enlarged right cardiodiaphragmatic angle and renal hilus lymph nodes, thus demonstrating further disease
progression. (d) Radiotherapy (RT) planning. (e and f) Transient increases in the size of lesions. (g) At the next assessment, the liver lesions had regressed, thus
representing early pseudoprogression. (h) Serum carbohydrate antigen 199 (CA199) levels with respect to the treatment timeline. (i) Statistics of maximum diameter of
lesions change for all lesions. Five months after Nivolumab treatment, the patient achieved partial response (RECIST criteria). (j) Timeline showing therapy and disease

status throughout the disease course.

Case 3

A 65-year-old man underwent wide resection of hilar cholangio-
carcinoma, as well as cholecystectomy and Roux-en-Y hepatico-
jejunostomy at the Fujian Medical University Union Hospital in
February 2015. Post-operative pathology revealed a moderately
differentiated bile ductal adenocarcinoma in the hepatic portal
measuring 30 x 20 x 20 mm with invasion to adjacent adipose
tissue, gallbladder wall, and nerve fibers. No hilar lymph node
metastasis was found, but one of four lymph nodes showed
metastasis in the fatty tissue surrounding the tumor. IHC staining
showed almost no PD-L1 expression and low densities of CD4"
and CD8" tumor-infiltrating lymphocytes (Figure S3).

The patient presented again at the Fujian Medical
University Union Hospital in January 2018 after serum
CA199 levels were elevated during a routine post-operative
follow-up. Abdominal MRI scans on January 22, 2018 revealed
an active focal lesion between the liver and stomach, which was
suspected to be recurrent or metastatic (Figure 3a). There were
no other significant lymph nodes or distant metastasis. CA199
and CEA levels were elevated to 192.20 U/mL and 8.5 ng/mL,
respectively, on January 30, 2018 (Figure 3h). At the same time,
a physical examination was normal and the patient’s ECOG
performance status was 0.

The patient then received palliative RT for the recurrent lesion
with total doses of 35 Gy in 7 fractions between January 30, 2018

and February 7, 2018 (Figure 3b). However, PET-CT scans on
June 20, 2019 indicated progressive enlargement of the recurrent
lesion and growth of a new hepatic hilar metastasis (Figure 3c). At
this time, blood tests showed that the CA199 level was 112.10 U/
mL and the CEA level was elevated to 21.4 ng/mL (Figure 3h).
Thus, the recurrent lesion was re-irradiation at a dose of 25 Gy in 5
fractions and the new hepatic hilar metastasis was concurrently
irradiated at a dose of 50 Gy in 5 fractions from June 9 to June 15,
2018 (Figure 3d).

Despite these treatments, a left supraclavicular lymph node
metastasis was detected by MRI on December 4, 2018 (Figure
3e). In addition, the patient’s serum CA199 level was 60.9 U/
mL and the CEA level was 37.1 ng/mL (Figure 3h). The patient
then received RT for the left supraclavicular lymph node
metastasis with total doses of 30 Gy in 3 fractions from
December 11 to December 13, 2018 (Figure 3f). Concurrently
Pembrolizumab treatment began on December 10, 2018 and
was administered at 100 mg every 3 weeks. However, the
CA199 level continued to elevate during the treatment and
rose to 55.07 U/mL on March 20, 2019. At this time, CEA
levels began to decrease to 36.6 ng/mL. Nivolumab was then
introduced as an alternative therapy (140 mg, every 2 weeks)
due to person reasons. After Nivolumab treatment of 4 months,
images on April 17, 2019 showed that the serum levels of
CA199 and CEA and the lesions became stable (Figure 3).
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Figure 3. Summary of imaging scans and timeline of therapy and disease status for Case 3. (a) The recurrent status after surgical resection. (b) The patient then received
stereotactic body radiotherapy (SBRT) for the recurrent lesion. (c) MRI scans 4 months after RT revealed progressive enlargement of the recurrent lesion and growth of a
new hepatic hilar metastasis. (d) The second SBRT for the recurrent lesion and the new hepatic hilar metastasis. (e) Further disease progression with a left supraclavicular
lymph node metastasis detectable in December 2019. (f) The third SBRT for the left supraclavicular lymph node metastasis. (g) The disease stabilized after anti-PD-1
immunotherapy administration. (h) Serum carbohydrate antigen 199 (CA199) and carcinoembryonic antigen (CEA) levels with respect to the treatment timeline. (i)

Timeline showing therapy and disease status throughout the disease course.

Case 4

A 52-year-old, previously healthy, man initially presented to
Zhongshan Hospital, Fudan University with the chief com-
plaint of weight loss over 2 weeks in August 2018. The patient’s
CEA level was 3.1 ng/mL; however, AFP and CA199 levels were
elevated to 833.6 ng/mL and 50.5 U/mL, respectively (Figure
4f). MRI scans of the abdomen on August 7, 2018 revealed
a large lesion (12.9 x 11.8 cm) with multiple satellite lesions in
the right hepatic lobe that extended to the right adrenal, upper
pole of the right kidney, right posterior branches of the hepatic
portal vein, right hepatic vein, and inferior vena cava, and
hepatic hilar lymph node metastasis (Figure 4a).
A subsequent PET scan on August 7, 2018 showed increased
metabolic activity of the primary liver tumor and portal lymph
nodes with no other significant lymph node or distant metas-
tasis. The physical examination was normal and the patient’s
ECOG performance status was 0.

The patient then underwent liver biopsy, which confirmed
ICC. Immunohistochemically, few cells were positive for PD-
L1 (SP142 antibody), CD4, or CD8 (Figure S4). Considering
the AFP level, the patient was diagnosed with combined ICC
and HCC. Surgical treatment was not recommended due to the
presence of satellite nodules and the tumor extension to neigh-
boring tissues.

The primary tumor was treated with RT at a total dose of
36 Gy in 12 fractions between August 15 and August 31,
2018. Radiographic imaging on September 19, 2018 revealed
a decrease in the size of the target lesions (Figure 4b). On
October 9, 2018, treatment with Pembrolizumab (2 mg/kg
every 3 weeks) combined with Everolimus (5 mg every day)
was initiated. After one week of treatment, AFP levels
returned to normal and CA199 levels declined to 82.2 U/
mL (Figure 4f). The follow-up MRI scans performed after
3 months of treatment on December 27, 2018, showed
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Figure 4. Summary of imaging scans and timeline of therapy and disease status for Case 4. (a) Baseline status before treatment with Nivolumab and radiotherapy (RT).
(b) MRI images 20 days after radiotherapy revealed decreased size of the radiation-targeted lesion. (c, d, and e) Evidence of complete remission after treatment with
Everolimus combined with Pembrolizumab. The patient then underwent radical surgical resection. (f) MRI scans obtained 3 months after surgical resection showed that
the tumor was complete resected. (g) Serum carbohydrate antigen 199 (CA199) and alpha-fetoprotein (AFP) levels with respect to the treatment timeline. (h) Statistics
of maximum diameter of the lesion. Seven months after Nivolumab treatment, the patient achieved partial response (RECIST criteria). (i) Timeline showing therapy and

disease status throughout the disease course.

evidence of complete remission with the tumor burden
considerably decreased (Figure 4c). Serum AFP levels
declined from 65.3 ng/mL to 59 ng/mL and remained
within normal limits (<20 ng/mL) thereafter. The CA199
level declined from 82.2 U/mL to 57.1 U/mL (Figure 4f).
The subsequent imaging scans obtained in March and
May 2019 showed further evidence of clinical responses
(Figure 3d,e).

Based on the size reduction, a surgical resection was performed
that included cholecystectomy and a partial diaphragm resection
on May 7, 2019. Microscopic pathological examination showed
that RO resection (no residual tumor) had been successful and that
more than 50% of the tumor cells were undergoing extensive
tumor necrosis. Further tests showed that PD-L1 expression was
extremely low, similar to the baseline biopsy. However, the per-
centages of CD4" and CD8" infiltrating lymphocytes were higher
in the operative specimen than in the baseline biopsy specimen.
The patient has made a remarkable recovery.

Discussion

ICC represents a difficult disease to treat, resulting in a very
poor prognosis. Almost all ICC cases exhibit disease progres-
sion within a few months after commencing traditional
treatments,” as was the case with the first three patients we
presented here. Therefore, exploration of novel, effective treat-
ment strategies is imperative. The ICC cases described here
indicate that a combination strategy of SBRT with anti-PD-1
antibody had favorable anti-tumor activity and sustained clin-
ical efficacy with a favorable safety profile. The median overall
survival of these patients was greater than 1 year, much longer
than that of advanced ICC patients treated with other tradi-
tional treatments.»” In addition, Case 1 showed hypereosino-
philia following SBRT, which may be associated with
a favorable response to Nivolumab. Case 2 indicated a unique
response pattern of pseudoprogression during the course of
treatment with Nivolumab. Moreover, Case 4 indicated that
radical surgical resection could be performed following this



novel combined unresectable,
advanced ICC.

Anti-PD-1 antibody has recently become increasingly pop-
ular for cancer treatment. However, with most tumor entities,
only approximately 20% of all patients show a sufficient treat-
ment response.”® In addition, considering the high treatment
expenses and potential toxicities associated with these inhibi-
tors, it is essential to select and identify good candidates for
anti-PD-1 antibody. PD-L1 expression has been widely studied
as a potential biomarker in clinical trials; however, PD-L1
expression is discordant, unstable, and dynamic due to tumor
heterogeneity and sampling variability.”® A lack of validated
detection methods and a reliable definition of high PD-LI
expression levels make anti-PD-1 antibody more complex in
the clinical setting.””*® Interestingly, studies have reported that
some patients who are PD-L1 negative still obtain clinical
efficacy with anti-PD-(L)1 therapies.””*° Thus, the predictive
value of PD-L1 expression alone is currently debated and
remains a challenge. Beyond PD-L1 expression, tumor muta-
tion burden, mismatch repair-deficient/microsatellite instabil-
ity-high, and dense infiltration of cytotoxic T cells have also
been suggested to be predictive biomarkers of successful anti-
PD-1 antibody.26‘31_33 Furthermore, different studies have
reported controversial predictive roles of these biomarkers in
different tumor types. For MMR, only Cases 1 and 2 were
proficient, but all four cases showed good clinical efficacy to
Nivolumab. Cases 1 and 2 had relatively high PD-L1 expres-
sion levels and redundant lymphocyte and inflammatory cell
infiltration following SBRT, which may be associated with their
excellent responses and clinical efficacy. However, Cases 3 and
4 had very few PD-L1 positive cells in the tumor tissues. Taken
together with the results of previous reports and our cases,”®>
we hypothesize that anti-PD-1 antibody relies on multiple
complex interactions and that the combined biomarkers may
be more reliable in predicting a sustained response to immu-
notherapy in ICC patients.

A secondary analysis of the KEYNOTE-001 trial showed
that patients who received any RT prior to Pembrolizumab had
longer survival than those who did not.**This finding suggests
that RT may generate a tumor-specific memory immune
response, thus enhancing the anti-tumor response of ICIs
after RT. Some studies have explored the underlying mechan-
isms of these responses. First, radiation can enhance tumor
antigen expression and antigen presentation.’> Radiation-
induced immunogenic cell death can function as an “in situ”
vaccine at the tumor site that improves the ability of effector
T cells to recognize and kill tumor cells. Second, radiation can
reprogram the tumor microenvironment (TME) to be favor-
able to effector T-cell recruitment and function.” Increased
infiltration of lymphocytes effectively converts tumors into
“inflamed” tissues that are susceptible to T-cell activation and
attack. Unfortunately, due to a lack of tissue samples collected
before or after SBRT in Cases 1 and 3, respectively, we could
not investigate the effect of RT on the TME in these two
patients. However, the dynamic TME following RT in Cases
2 and 4 validated the shaping capability of RT on the TME in
ICC patients. Third, decreased tumor burden is associated with
highly effective responses to immunotherapy.’® The decreased
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tumor burden induced by RT in our reported cases may con-
tribute to enhanced responses to the followed PD-1 antibody
immunotherapy.

Several reports have indicated the inhibition of anti-tumor
immunity induced by RT resulting in up-regulation of PD-L1
expression, up-regulation of vascular endothelial growth factor
(VEGF), and direct toxicity to circulating lymphocytes.”” >
These effects could curb anti-tumor immune responses and
contribute to tumor progression. PD-L1 expression within the
tumor front is associated with a 60% decrease in survival of
ICC patients.*” However, the negative effect of RT on anti-
tumor immunity may be counterbalanced by the effect of anti-
PD-1 antibody. For instance, the upregulated PD-L1 expres-
sion induced by RT may be overcome by the application of PD-
(L)1 blockers, resulting in synergistic anti-tumor activity to
eliminate the tumors. Thus, understanding the interactions
between RT and anti-PD-1 antibody in ICC patients is of the
utmost importance for maximizing therapeutic benefits.

Eosinophils play a pivotal role in tumor surveillance and are
described as effectors for tumor rejection in animal models.*'~
*> A high relative peripheral blood eosinophil count prior to
treatment or an increase during treatment is associated with
favorable overall survival in melanoma patients treated with
Ipilimumab or Pembrolizumab, respectively.**** This associa-
tion has also been observed among cancer patients treated with
IL-2, TL-4, and GM-CSE.**"*® In Case 1, laboratory data
showed transient elevation of the serum eosinophil count to
7.5 x 107 cells/L 50 days after the completion of SBRT with the
baseline counts of 0.69 x 10 cells/L. It is difficult to determine
whether this eosinophilia was secondary due to RT-induced
immunogenicity effects. However, we hypothesize that the
elevated level of eosinophils may have been involved in
tumor eradication and may be associated with the positive
responses to immunotherapy.

Several limitations should be noted in interpreting our
study. First, because the cases and the data were limited, the
results may not be representative of a broader population of
ICC patients. Second, due to the invasiveness of sampling, the
tumor tissue before and after RT was not always attainable. It is
unknown whether PD-L1 expression changed following SBRT
in Cases 1 and 3. Third, the fourth case was diagnosed as
combined ICC and HCC, not ICC. At last, data on this combi-
nation strategy for cholangiocarcinoma patients are scarce. At
present, there is one clinical trial exploring the efficacy and
safety of this combined strategy for unresectable ICC (https://
clinicaltrials.gov/, NCT03898895) worldwide. Though these
four cases provide a starting point, additional clinical trials
evaluating this treatment strategy are needed to better elucidate
the treatment effect. Further evidence and prospective studies
should be conducted to verify our findings.

Conclusion

Our cases showed that integration of SBRT with anti-PD-1
antibody may have a great effect on ICC. Furthermore, this
combination therapy was well tolerated with no severe adverse
events observed during therapy. This regimen may provide
a new therapeutic option and represents a promising potential
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treatment for ICC. Additionally, this combination therapy may
make initially inoperable cases candidates for successful
resection.
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